Background: Ultrasonic bone-cutting devices (UBC) are new cutting tools and have low frequency ultrasonic blade. There is limited data on the safety and effectiveness of using ultrasonic bone-cutting devices in the treatment of adult spinal deformities (ASD). Objectives: This Retrospective review of prospectively collected data was designed to determine if the use of an ultrasonic bonecutting device is safe in the adult spinal deformity population and to compare its effectiveness in blood loss reduction by using a comparison group from a prospective multicenter database of adult spinal deformity patients. Methods: Nineteen consecutive surgical ASD cases in which the UBC was used were compared with 19 propensity-matched cases from a prospective ASD database in which conventional bone cutting instruments were used. The two groups were matched based on age, ASA, and number of levels fused posteriorly. The need for blood transfusion, volume of blood transfusion if required, estimated blood loss (EBL), and total operating time were compared between the two groups. Data were analyzed using non-parametric Mann-Whitney U test and Spearman's Correlation test (P < 0.05). Results: There was no statistically significant difference in any measured parameter between the two groups. While the EBL difference between the two groups (925 mL in the study group vs. 1628 mL in the control group) was not statistically significant (P = 0.142), the 703 mL difference is clinically relevant. In addition, no complications directly related to the use of the UBC were reported. Conclusions: The use of an ultrasonic bone-cutting device was shown to be safe and effective in the surgical treatment of ASD. It resulted in a 43% reduction in EBL, which was clinically relevant and statistically non-significant, without the addition of any complications. We did not identify statistical differences in transfusion rates, EBL, or operative time, which may be due to our small sample size.
Background
The safety and reproducibility of performing osteotomies is important in achieving adequate spinal decompression and deformity correction. However, due to the high technical nature of osteotomies such as facetectomy, Smith-Petersen osteotomy, and pedicle subtraction osteotomy, the use of traditional surgical tools including high-speed drills, rotating burs, and thread-wire saws, carry a risk of associated intraoperative complications such as durotomy, spinal cord or nerve root injury, visceral and vascular injury, and excessive blood loss (1) (2) (3) . There is also an inherent inefficiency with the use of these surgical instruments (4) .
Ultrasonic devices were originally developed for dentistry in 1952. They were very quickly adopted, and their use expanded. By the 1970s the technology allowed for effective debulking and removal of soft tissue tumors (5, 6) . These new cutting tools are low frequency ultrasonic blades. They cut through dense and mineralized tissues and spare more compliant adjacent soft tissues. The device is comprised of a blunt ultrasonic blade with self-irrigation system that oscillates at above 22,500 cycles/ s (7).
There is limited data about its application in spine surgery, and no published literature data for its use in the surgical correction of adult spinal deformity. The main advantages reported include reduction of blood loss and operating time (1, (8) (9) (10) . However, other authors have reported an increase in operating time (9, 11) . The lack of a control group in the existing literature obviates the need for a case-matched comparative study (1, 10) . To the best of our knowledge the only study published where a control group was used was by Bartley et al. (12) . In this study, single surgeon cases, including 60 adolescent idio- divided into three groups of 20 ultrasonic bone-cutting device (UBC) group, 20 Cobb matched cases, and 20 most recent cases prior to surgeons using UBC were compared. They concluded that the use of UBC results in significantly less bleeding compared with the control group and limits the overall blood loss by 30% -40%.
Objectives
The purpose of this study is to determine if the use of UBC is safe in the adult spinal deformity population and to compare its effectiveness in blood loss reduction using a propensity-matched control group.
Methods

Patients
This study was reviewed and approved by an institutional review board prior to initiation. Data was retrospectively collected from medical records of 19 consecutively operated patients from September 2013 to March 2014 in a single center, in which the UBC (Misonix, Inc., NY, USA) was used to perform any type of osteotomy during the operation. The majority of patients were diagnosed with kyphoscoliosis. UBC was used twice in one of the cases due to the staged nature of the operation. All UBC cases were propensity matched to a group of patients where traditional instruments were used. The control group was selected from a consecutively enrolled prospective adult spinal deformities (ASD) database. The control group surgeries were performed between October 2009 and October 2012. The control group included osteotomies performed with high-speed drills, rotating burs, and thread-wire saws. The control group was propensity matched based on age, ASA, and number of levels fused posteriorly. The need for blood transfusion, volume of blood transfusion if required, estimated blood loss, and total operating time parameters was collected.
In addition, the UBC related complications data including incidental durotomy, neuromonitoring changes, and unintended harm to adjacent tissues were collected.
Surgical Technique
Intraoperatively, once the subperiosteal dissection was complete and the bony surfaces were cleared of soft tissue, the UBC was used at all levels to perform the inferior facetectomy followed by removing the cartilage from the superior articulating process (SAP). The interspinous ligaments were removed at all osteotomy sites, followed by resection of the ligamentum flavum. Next, the UBC was used to complete the osteotomy by cutting across the SAP, completing the posterior release. In scoliosis cases the bony remainder of the SAP was left in place as a source of bone graft, and in kyphosis cases the SAP was removed to allow for reduction of the kyphosis.
Statistical Analysis
Mann-Whitney U test was used to test for significant differences between the two groups among continuous parameters. The Spearman rank test was used for categorical parameters. P value less than 0.05 was considered as statistically significant. Non-parametric tests were more appropriate in this study due to small sample size, resulting in non-normal distribution of data.
Results
A total of 19 consecutive patients (14 female and 5 male) were included for analysis in the study group. The mean age at surgery was 61 years (range, 28 -79 years). They were matched with 19 patients (15 female, 4 male) with a mean age of 55 years (range, 19 -77 years; P = 0.271). Average number of fusion levels in UBD was 9.6 vs. 8.8 in the control group (P = 0.583); ASA grade was 2.5 and 2.4, respectively (P = 0.840) ( Tables 1, 2 and 3) .
Average EBL in the study group was 925 mL vs. 1628 mL (43.1% reduction in EBL) in the control group (P = 0.142) and the average total operating time was only 2 minutes less in bone scalpel group compared with control group (425 minutes in bone scalpel group vs. 427 minutes in control group with p value of 0.488). Fourteen of the 19 patients in each group required a blood transfusion post operation (P = 1.00). The average transfusion volume in the bone scalpel group was 1330 ml vs. 1447 ml in control group (P = 0.571). However, clinically it was very noticeable that the bleeding from the bony surfaces was significantly less compared to traditional techniques of performing this same procedure. Figure 1A -1B ). There were no complications associated with the use of the UBD (e.g. incidental durotomy, neuromonitoring changes, unintended harm to adjacent tissues, etc.)
Discussion
Adult spinal deformity surgery often requires resection of large amounts of bone through various osteotomy techniques, and these maneuvers have traditionally been associated with increased morbidity of the operative procedure. Spinal osteotomies have been associated with greater blood loss, durotomies, and neural deficits (2, 3, 13) . Several different tools are used to perform osteotomies in adult spinal deformity surgery. The safety of using an ultrasonic bone scalpel (BS) has not been investigated in adult spinal deformity surgery. Our study suggests that the BS is equivalent to traditional osteotomy techniques without the incidence of additional complications.
Precise bony cuts play a critical role in successful decompression and osteotomies in ASD surgeries. Conventional osteotomy tools including high-speed burs, and thread-wire saws and the use of osteotomes and a mallet in the presence midline bony defects rendering the spinal canal/cord vulnerable. Similarly, simply the vibration from the mallet striking the osteotome could pose unnecessary risk of incidental durotomies and /or worse injury to the midline neural elements and spinal cord (2, 3, 13) .
To address these issues the bone scalpel was developed. An ultrasonic aspirator was first used in 1947 for the removal of dental plaques (14) and developed more for dentistry in 1952. In 1978 the ultrasonic bone scalpel was used for the first time in neurosurgery (5, 6) . Existing ultrasonic bone aspirators like Sonopet have been proven to be safe in bone removal both in spine and intracranial surgeries (5, 15) . Although Sonopet has relatively narrow tips (1.9 -2.8 mm) the Bone Scalpel has a long, narrow blade with a cutting surface measuring from 0.5 mm to 1.0 mm in thickness, and can make long, narrow precise cuts (8).
Sanborn et al. (8) studied the safety and efficacy of an ultrasonic bone-cutting device in an ovine model (12 sheep) compared to a control group (8 sheep in bone scalpel group and 4 in control group) using high-speed drill together with Kerrison punches and Leksell rongeurs. They showed a significant reduction in blood loss and operative time in the UBC group.
Hu et al. (2) reported that using ultrasonic bone scalpel in 128 consecutive spinal surgery patients decreases bone blood loss and operating time. The estimated blood loss was 425.4 mL for their patients undergoing posterior spinal procedures with an average of 5 levels being addressed. The average operative time was 4.3 hours with 2 complications directly related to the use of bone scalpel. The study was flawed, however, as they lacked a control group. Al-Mahfoudh et al. (10) similarly reported decreased blood loss and felt that the use of the bone scalpel had no effect on operating time. 74% had operations less than two hours with no mention of number of levels operated. They reported that the BS had a local hemostatic effect (sealing the bone surface) reducing bone bleeding. This study similarly missed a control group for analysis. Gleizal et al. (9) used the ultrasonic bone scalpel in craniofacial surgical procedures including removal of the superior orbital roof in 30 cases of craniofaciostenosis, Le Fort III osteotomy for the treatment of Crouzon syndrome in two patients, and cutting the parietal and frontal bone in 30 cases of craniofaciostenosis. In this study they showed that the integrity of the adjacent soft tissue remained intact in all cases. The overall operative time however was increased (9). Hoigne et al. performed the first ultrasound osteotomy in hand surgery. In their study they concluded that the cuts were highly precise and there were no neurovascular complications associated with BS usage. The time needed for each cut was slightly (10 -30 seconds) longer than the time needed with the use of a saw (11) .
In this retrospective study, we found that both BS and control groups to be similar in terms of age, number of fusion levels, and ASA grade. In addition, there was no difference in rate of transfusion (14/19 of both study group and control group). Although the average blood transfused was 117 mL less in BS than the control group, this difference was not statistically significant. In this study, we also showed that both EBL and operative time of study group are less than the control group. However, none of these differences were statistically significant. There are several reasons for this, however. The bone scalpel patients were selected from a single center participating in the prospective adult spinal deformity study group while the control Figure 1 . A, An osteotome is used to perform inferior articulating process facetectomies; B, the ultrasonic bone cutting device is used to perform inferior articulating process facetectomies.
group was selected from the group as a whole. The transfusion patterns and indications are very site dependent and could account for the lack of difference in transfusion rates. Although the blood loss was reduced by 43.1% or 703 mL in the BS group, this substantial decrease was not statistically significant, likely secondary to the small sample size. It is however, undeniable that a 703 mL reduction in blood loss is clinically relevant. The 43% blood loss reduction reported in our study is in line with 30% -40% blood loss reduction reported by Bartley et al. (12) .
In conclusion, this is the first report of the use of an ultrasonic bone-cutting device in adult spinal deformity. We have shown its use to be safe and effective with a 43% reduction in EBL without the addition of complications associated with the UBD. We did not identify a statistical difference in transfusion rates, EBL, or operative time. Despite the lack of statistical significance due to small sample size, the reduction of reported EBL by 43% makes a compelling argument to study the use of this device with a larger cohort to determine its role in ASD surgery.
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